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Figure S1: Evolutions in the number of cages for two trajectories at vastly different P/T conditions (275 K, 4000 bar and 250 K, 50 bar, both with spherical methane-water interfacial geometry) performed in the smaller simulation systems; the edges of the cubic simulation systems were ~ 5 nm in both cases. While the rate of growth is higher at the higher temperature (and higher concentration, due to the extreme pressure), the same trends in relative cage abundance are observed in both trajectories. As highlighted in the main text, there is some stochasticity in the growth of the nucleated hydrates, but the general trends shown in Figure 4 and in the above figure are consistent throughout all simulations (5 12 cages are important in all simulations and 5 12 6 n cages are more abundant than their 4 1 5 10 6 n counterparts with the same coordination numbers). 
S7
Movie S1: Visualization of the formation of a 4 1 5 10 6 2 cage from a 5 12 cage via a waterpair insertion. The guest is CH 4 and is indicated by the green sphere. The hydrogen bonds are shown as grey lines between water oxygen atoms, also shown in grey. The two inserting waters are shown in red (oxygen) and white (hydrogen). The positions of the molecules are smoothed with a running average of 2 ns. The transformation requires approximately 9 ns to complete.
Movie S2: Visualization of the formation of a 5 12 6 2 cage from a 4 1 5 10 6 3 cage via a hydrogen-bond rotation. The guest is CH 4 and is indicated by the green sphere. The hydrogen bonds are shown as grey lines between water oxygen atoms, also shown in grey. The two active (rotating) water molecules are shown in red (oxygen) and white (hydrogen). The positions of the molecules are smoothed with a running average of 2 ns. The transition requires approximately 5 ns to complete.
Movie S3: Visualization of coupling of transitions between neighboring cages, involving both insertion/deletion and rotation transformations. Hydrogen bonds are shown as grey lines, methane molecules are shown as green spheres, and waters (except for the four highlighted waters) are shown in red (oxygen) and white (hydrogen). Multiple T1 transitions can be seen involving the four water molecules that are highlighted in blue. The positions of the molecules are smoothed with a running average of 2 ns, and ~1300 ns are shown in the movie.
